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(57) Abstract 

la a data processing system (10) having linked lists (400, 400', S00, 500') it is useful to be able to add and delete items 
from such lists (400, 40C, 500, 500*) while maintaining the integrity of the linked nature of such lists (400, 400'. 500, 500'). A i 
new compare and swap instruction provides for effectively simultaneously swapping 2 values which is useful for safely ad- , 
ding and deleting items (404, 512) from linked lists (400, 400*. 500, 500'). Prior to the instruction the status of the two values = 
are read at the locations to be swapped. During the instruction these locations are checked again to ensure that no change i 
has occurred at these locations before the instruction performs the swap of the two new values. The instruction then per- ' 
forms the proposed 2 value swap but only if no change has occurred at these two locations where the swap is to be per- • 
formed. 
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METHOD AND APPARATUS FOR A COMPARE AND SWAP INSTRUCTION 



Field of the invention 

The subject application relates to instructions for 
data processors, and more particularly, to instructions for 
manipulating items in a list in a data processor. 

Background of the invention 

One aspect typical of a data processing system is 
operating with lists. Each list is comprised of a number 
of items. Each item is something to be performed or used 
by the data processing system. Items are typically 
processes, data, programs, or subroutines. One way of 
keeping track of a list is to have a head pointer and a 
tail pointer for each list. The head pointer points to the 
first item in the list. The tail pointer points to the 
last item in the list. In a singly-linked list the first 
item has a next pointer which points to the next item in 
the list which is. then the second item in the list. The 
second item has also a next pointer which points at the 
item which follows next after the second item which is then 
the third item. The third item similarly has a next 
pointer which points at the fourth item, and so forth to 
the last item in the list. The last item also has a next 
pointer., but since it is the last item, its next pointer is 
typically null (all zeros) . 

Another type of list which offers advantages relative 
to speed of traversing the list is the doubly-linked list. 
In such a list each item has not only a next pointer but 
also a back pointer. The back pointer is used to point 
just ahead in the list. For example, the back pointer of 
the third item in the list poihts to the second item while 
the next pointer of the third item points to the fourth 
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item. The last item's n.rt point.r i, .til! null whu . lt . 

course that the last has more than one Item. Pot the first 
it«a in the list the bade pointer is nul! i* view or there 
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list has head and tail pointers. This is because not only 
the tail pointer must be changed but also the former last 
item must be changed to point at the new last item. This 
has not been available. Similarly, insertion and deletion 
was not available in the middle of a list because the item 
that is to point at the new item (in the case of a new item 
being added) may have been moved to a different list. 
Consequently, the compare test may be passed but the new 
item would be inserted into the wrong list. 

Summary of the Invention 

An object of the subject invention is to provide an 
improved compare and swap instruction* 

Another object of the invention is to provide an 
improved technique for changing two values in a data 
processing system. 

Yet another object of the invention is to provide an 
improved technique for manipulating linked lists in a data 
processing system. 

These and other objects of the invention are achieved 
in a data processor in which two values are to be changed 
effectively simultaneously. A first compare value is read 
at a first location where a value is to be changed. A 
second compare value is read at a second location where a 
value is to be changed. A first swap value is stored which 
is the value to be substituted for the value at the first 
location. A second swap value is stored which is the value 
to be substituted for the value at the second location. An 
instruction which is uninterruptable can then commence. 
The instruction compares the first compare value to the 
value present at the first location, and the second compare 
value to the value present at the second location. If the 
first and second compare values are the same as the 
respective values at the first and second location, the 
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u..f" G ; o r !ll WOC !: dU9rM ° f 4 d " a system 
useful for implementing the invention; 

MO. 2 is a block diagram of the dai-» 
1; * °* cne aa ta processor of pig. 

mi^I IG * S ^ ^ ' 3B ' PlaC6d top to bot *°™< comprise a 
micro-control flow diagram according to a preferred 
embodiment of the invention; Preferred 

fig. 3 4A and 4B are diagrams of doubly-ii„ ke d n.*. 
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In response to a particular range of physical addresses 
(PADDR) , memory 20 will cooperate with an error detection 
and correction circuit (EDAC) 22 to exchange data (DATA) 
with DP 12 in synchronization with the physical access 
control signals (PCNTL) on -PBUS 16. Upon detecting an . 
rror in the data, EDAC 22 will either signal a bus error 
(BERR) or request DP 12 to retry (RETRY) the exchange, 
depending upon the type of error. 

In response to a different physical address, mass 
storage interface 24 will cooperate with MP 12 to transfer 
data to or from mass storage 26. If an error occurs during 
the transfer, interface 24 may signal a bus error (BERR) 
or, if appropriate, request a retry (RETRY). 

In the event that the MMU 14 is unable to map a 
particular logic address (LADDR) into a corresponding 
physical address (PADDR) , the MMU 14 will signal an access 
fault (FAULT) • As a check for MMU 14, a watchdog timer 28 
may be provided to signal a bus error (BERR) if no physical 
device has responded to a physical address (PADDR) within a 
suitable time period relative to the physical access 
control signals (PCNTL) . 

If, during a data access bus cycle, a RETRY is 
requested, OR gates 30 and 32 will respectively activate 
the BERR and HALT inputs of DP 12. In response to the 
simultaneous activation of both the BERR and HALT inputs 
thereof during a DP-controlled bus cycle, DP 12 will abort 
the current bus cycle and, upon the termination of the 
RETRY signal, retry the cycle. 

If desired, operation of DP 12 may be externally 
controlled by judicious use of a HALT signal. m response 
to the activation of only the HALT input thereof via OR 
gate 32, DP 12 will halt at the end of the current bus 
cycle, and will resume operation only upon the termination 
of the HALT signal. 
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aspects will be described rather broadly. Once a general 
understanding of the internal architecture of OP 12 is 
established , the discussion will focus on the unique 
compare and swap feature of the present invention. 

The DP 12, like the MC68000, is a pipelined, 
microprogrammed data processor. In a pipelined processor, 
each instruction is typically fetched during the execution 
of the preceding instruction, and the interpretation of the 
fetched instruction usually begins before the end of the 
preceding instruction. In a microprogrammed data 
processor, each instruction is typically fetched during the 
execution of the preceding instruction, and the 
interpretation of the fetched instruction usually begins 
before the end of the preceding instruction. In a 
microprogrammed data processor, each instruction is 
executed as a sequence of microinstructions which perform 
small pieces of the operation defined by the instruction. 
If desired, user instructions may be thought of as 
macroinstructions to avoid confusion with the 
microinstructions, in the MC68000 and DP 12, each 
microinstruction comprises a microword which controls 
microinstruction sequencing and function code generation, 
and a corresponding nanoword which controls the actual 
routing of information between functional units and the 
actuation of special function units within DP 12. With 
this in mind, a typical instruction execution cycle will be 
described. 

At an appropriate time during the execution of each 
instruction, a prefetch microinstruction will be executed. 
The microword portion thereof will, upon being loaded from 
micro ROM 34 into micro ROM output latch 36, enable 
function code buffers 38 to output a function code (FC) 
portion of the logical address (LADDR) indicating an 
instruction cycle, upon being simultaneously loaded from 
nano ROM 40 into nano ROM output latch 42, the 
corresponding nanoword requests bus controller 44 to 
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p.rfor» .„ instruction fetch bus cycle, and in .t rocta 
execution unit 46 to provide the logical add ess \f he 
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address provided by illegal instruction decoder 56 for the 
micro address provide by address 1 decoder 54. Thus, upon 
execution of the last microinstruction of the currently 
executing instruction, the microword portion thereof may 
enable multiplexor 60 to provide to an appropriate micro 
address to micro address latch 62 , while the nanoword 

* portion thereof enables instruction register decoder (IRD) 
64 to load the first word of the next instruction from ir 
52. Upon the selected micro address being loaded into micro 
address latch 62, micro ROM 34 will output a respective 
microword to micro ROM output latch 36 and nano ROM 40 will 
output a corresponding nanoword to nano ROM output latch 
42. 

Generally, a portion of each microword which is loaded 
into micro ROM output latch 36 specifies the micro address 
of the next microinstruction to be executed, while another 
portion determines which of the alternative micro addresses 
will be selected by multiplexor 60 for input to micro 
address latch 62. In certain instructions, more than one 
microseguence must be executed to accomplish the specified 
operation* These tasks, such as indirect address 
resolution, are generally specified using additional 
control fields within the instruction. The micro addresses 
of the first microinstructions for these additional 
microseguences are developed by address 2/3 decoder 66 
using control information in IR 52. In the simpler form of 
such instructions, the first microsequence will typically 
perform some preparatory task and then enable multiplexor 
60 to select the micro address of the microsequence which 

* will perform the actual operation as developed by the 
address 3 portion of address 2/3 decoder 66. In more 
complex forms of such instructions, the first microsequence 
will perform the first preparatory task and then will 
enable multiplexor 60 to select the micro address of the 
next preparatory microsequence as developed by the address 
2 portion of address 2/3 decoder 66. Upon performing this 
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A read-mod ify-wr it cycle (RMC) is available which 
ensures in advance that a write can follow a read without 
relinquishing the bus. This RMC mode is indicated by an 
RMC signal. During the RMC mode no other system resource 
can have access to the bus.- The RMC mode and functions 
involved therewith are described in U.S. Patent Mo. 
4,348,722, entitled "Bus Processor", issued Sept. 7, 1982 
to Gunter et al # and which is hereby incorporated by 
reference. The RMC signal can be brought out to an 
external pin to prevent system resources from attempting to 
gain access to the bus when the RMC signal is present. 
: Additionally, in the preferred embodiment the RMC signal is 
controlled by microcode. Consequently, instructions can be 
made available which monopolize the bus for even longer 
than the two bus cycles required for a read followed by a 
write. 

Such an instruction which can thus be made available is 
the compare and swap instruction for singly-linked lists 
(CAS1) as previously described. The CAS1 instruction, 
however, is not helpful for doubly- linked lists. A compare 
and swap instruction for doubly-linked lists (CAS 2) is the 
subject of the present invention. Shown in PIG.s 3A and 
3B, placed top to bottom, is a micro-control flow diagram 
for performing the CAS 2 instruction according to a 
preferred embodiment of the invention. 

Shown in fig. 4A is a list 400 comprised of an item 
401, an item 402, and an item 403. Shown in FIG. 4B is a 
list 400' which further includes an item 404 as well as 
items 401-403. Each item 401-404 has a back pointer and a 
next pointer. The back pointers of items 401-404 are 406, 
407, 408, and 409, respectively. The next pointers of 
items 401-404 are 411, 412, 413, and 414, respectively. 
List 400 also includes a head pointer 416 and a tail 
pointer 417. in list 400 item 401 is the head. 
Accordingly, head p inter 416 points to item 401. As the 
head of the list 400 , back pointer 406 of item 401 is null. 
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tail pointer 417 and next pointer 413 so that these 
pointers will point to item 404. These values are 
sometimes referred to as swap values. As shown in FIG.s 1 
and 2 there are numerous registers available for storing 
these swap values. These two pointers are the two that 
must be changed upon the addition of item 404 to list 400 
in order to form list 400». Tail pointer 417 and next 
pointer 413 must both be changed to point at item 404. 
During the formation of item 404 and after the reading of 
tail pointer 417 and next pointer 413, list 400 may be 
changed so that item 403 is no longer the last item in list 
400. If that is the case, then at least one of tail 
pointer 417 and next pointer 413 will change. If such a 
change has occurred then item 404 cannot be properly 
added. The CAS 2 instruction ensures that nothing has 
changed which will prevent the proper addition of item 404 
before updating tail pointer 417 and next pointer 413. 
Another characteristic of the CAS 2 instruction is that it 
will continue to completion even if an interrupt is 
received during the instruction. An instruction having 
this characteristic is often called an uninterruptible 
instruction. 

To begin the CAS 2 instruction, the RMC mode is 
instituted and the RMC signal is generated to ensure that 
the CAS 2 instruction has exclusive use of the bus until the 
instruction is terminated. This prevents any changes to 
list 400 except those caused by the CAS 2 instruction 
itself. The values at tail pointer 417 and next pointer 
413 are then consecutively read. These two values are then 
compared to the corresponding values previously stored. 
This can be achieved by subtracting one from the other. If 
the result after subtraction is zero, then the values are 
the same, if the result is other than zero, then the 
values are different, if the values are the same, th n the 
stored values for pointing to item 404 are swapped for 
those values in next pointer 413 and tail pointer 417. 
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with it . 404 .t the end. I£ either o£ the „ lues 
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The CAS 2 instruction itself which is used to achieve a 
deletion or addition of an item is shown in FlG.s 3A and 
3B. Compare values and swap values must be established 
prior to beginning the CAS2_ instruction. The compare 
values are the ones which are read from the locations which 
need to be changed in order to properly effect the addition 
or deletion of the particular item. The swap values are 
those which are to replace the values in the locations 
which are to have their values changed. After initiating 
the RMC mode, a first test value is read from a first of 
the locations to be changed, a second test value is read 
from the other location while the first test value is 
compared to its corresponding compare value. A compare 
value is said to be corresponding when it was read from the 
same location as the test value to which it was said to be 
corresponding. The second test value is then compared to 
its corresponding compare value if the first test value is 
the same as its corresponding compare value. If not, the 
RMC mode is terminated. If the RMC mode is not terminated 
and if the comparison of the second test value to the 
second compare value shows that these two values are the 
same, then the swap value for the location of the first 
compare and test values is substituted for the first test 
value at that location. The other swap value then replaces 
the second test value at that location. If the second test 
value is not the same as the second test value, then the 
RMC is terminated at that point so that no swap values are 
swapped with the test values. Consequently, any two values 
can be safely swapped ina single instruction. The use is 
not limited to that described for PIG. 4A and FIG. 4B. 

Shown in FIG. 5A is a list 500 comprised of an item 
501, an item 502, an item 503, a head pointer 504, a tail 
pointer 505 and an access counter 506. Access counter 506 
has a value which is incremented every time that a change 
is made to list 500. The value is read or incremented on a 
bidirectional bus 508. Bach item 501-503 has a next 
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and access counter 506 will be incremented. In order to 
properly prepare item 512 it is necessary to know which 
item is to be after 512 in order to establish where next 
pointer 513 is to point. After item 512 has then been 
properly prepared, the CAS 2 instruction can commence. The 
RMC mode is initiated and next pointer 510 and access' 
counter 506 are read. The values at next pointer 510 and 
access counter 506 which are read during the CAS 2 
instruction are check values. Before the swap values 
replace these check values in next pointer 510, it is 
necessary to determine that items 502 and 503 have retained 
their relationship to 'each other and that access counter 
506 has not been incremented. While item 512 was being 
formed, one of items 502 or 503 may have been deleted. 
Alternatively, another item or items may have been inserted 
between items 502 and 503. Another possibility is that 
items 502 and 503 may have retained their relationship to 
each other but have been moved to another list. If 
something has changed, it would be improper to insert the 
swap values into next pointer 510 and access counter 506. 
Consequently, the check values are compared to the compare 
values to make certain they are the same before inserting 
the swap values. In particular, the value read at next 
pointer 510 before the CAS 2 instruction commenced is 
compared to the value which is present- at next pointer 510 
after the CAS 2 instruction has commenced, and the value 
read at access counter 506 before the CAS 2 instruction 
commenced is compared to the value which is present after 
the CAS 2 instruction at access counter 506. If the 
comparisons show that the check values equal the compare 
values, then the swap values are inserted into next pointer 
510 and access counter 506 so that next pointer 510 points 
at item 512 and that access counter 506 is incremented. 
When such insertion is made, the result is list 500 • shown 
in PIG. SB. If either f the comparisons results in 
sh wing that one of the check values is not the same as 
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«r.t 1 T , COnmenees tha — i. initiated. * 

to its corresponding ^v^^.^ J^- 

»*- corresponding'^ r V* 2" £ £~ f» — aa 
and mode are terminated. « ST^" ,Yv. 

second : e . a : v. ts u: o ;. Mpondin9 eonpara «»• £ 

va oTis 1 ^ 4 " ° OTPa " " «" -end tea 

211 \' la T " * tS CO ""P°-«ng compare value, the 

:::: PO n::r" e a e a°:: eeotivaiy swappad f « «- *r 
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the swap values! the , *«*«ing th. insertion of 
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The CAS 2 instruction is not limited to safely swapping 
2 values in a linked list situation. The instruction can 
be useful anytime it is desirable to simultaneously swap 2 
values. Such swapping can involve values of other types of 
list, but may also involve "values unrelated to lists. The 
CAS2 instruction may be useful in any data structure which 
can have one location changed in conjunction with an 
acccess counter. A tree structure is such a situation 
where it can be useful to swap 2 such values effectively 
simultaneously. 

The microcode for achieving this CAS 2 instruction is 
disclosed in appendices I and II. 
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APPENDIX 2 

MICROINSTRUCTION LISTING 



♦ CO-ORDINATE OP &ov ~— 

+ LABEL OP bS M1CR0 SEQUENCER 

I + _f || 0 * _ INFORMATION 

I I * — MICRO ADDRESS 

Jr V i +~ ORIGIN 



I 



■COMMENTS" * * 



"COMMENTS' 
TRANSFERS 

>> Tl DESTINATION 
> T3 DESTINATION 



AO 
ALO 
CC 
SHFTO 
SHFTC 
FTO 
PC 
PIPE 

DATE 



ORIGIN: if shared, co-ordinate of origin 

« «**9i». # of boxes sharing?*, thla box 



DATA ACCESS INFORMATION: 



R/W 



<W> 
<> 
SPC 
EXL 



no access 

write 

read 

special signal 
latch exception 



TIME 



X - 
Tl - 
T3 - 
T0 - 



£° * imin 9 associated 
write to aob in Tl 

W fi te ?o aob in T3 
aob writen before Tl 



TYPE 

•*<>,<w> on R/w 

~ normal access 

cSorm : O^JSff 

CUNK . conditional prog/data 
CPOl " !i ternate sadress space 
* S8 Z ; ««.rSot %us error 

SP^n ^ S -^31V-^LJi*™« 

RST2 " * as *°" stage 1 
wff I " 5* st «* stage 2 

Exf YN S t V» eh "»i«« machine 

BERR mm J)|Jg ©XTOr 

AERR - address err r ?5ic Z tltlt 1 *** Vio1 * 
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LIMA - lin a 21 

LINF - lin f 

ILL - illegal 

DVBZ - divide by zero 

BDCK - bad check 

TRPV - trap on overflow 

MICRO SEQUENCER INFORMATION :- 



TRAP - trap 

COP - protocol viol. 

FORE - fomat rror 

INT - interrupt 1st stack 

INT2 - interrupt 2nd stack 

NOEX - no exception 



DB - direct branch - next nicroaddress in microwgrd 
BC - conditional branch 

Al - use the Al PLA sample interrupts and trace 
A1A - use the Al PLA sample interrupts, do not sample 
trace 

A1B - use the Al PLA do not sample interrupts or trace 
A2 - use the A2 PLA 

A7 - functional conditional branch (DB or A2 PLA) 
A4 - use the A4 latch as next micro address 
A5 t use the A5 PLA 
A6 - use the A6 PLA 

SIZE: 

size ■ byte nano specified constant value 
size - word nano specified constant value 
size ■ long nano specified constant value 
size • ircsz ire 111] -0/1 *> word/long 
size « irsz ird decode of the instruction size 

(byte/word/long). Need to have file 
specifying residual control 
size = ssize shifter control generates a size 

value. The latch in which this value 
is held has the following encoding 

000 - byte 

001 ■ word 

010 - 3-byte 

011 « long 

100 ■ 5-byte *** must act as 
long sized 

RXS - RX SUBSTITUTIONS: 

RX is a general register pointer. It is used to point 
at either special purpose registers or user registers. 
RX generally is used to translate a register pointer 
field within an instruction into the control required 
to select the the appropriate register. 

rx " rz2d/rxd conditionally substitute rz2d 

use rz2d and force rx[3]«0 

mul.l 0100 H0 0 0 g xxx xxx 

div.l 0100 Ha 001 xxx XX3C 
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™ * " irdfl7.<i, 



rx - rij 



Uesiduel defined i„ opnep) 

<"»•! eea t0 ■ 5* residue! control 
"it «.ld r.g HI! J" m «« «" 1 

- . ee t B T 10 » : »' 9 -U. de t e „, 

atl points a vatl 

rX " dt points 9 dt 

" * Crp "I3e-0J « ar[3.0j 

SSiit2*cl!.r ; a K 1 ;? •* - control 
user visiol^reSHt^ tl^T ° £ the 
rx * os P rxI3:tfj - P 

force effect of psW s to - 

. P • be ^ate d C f, 

if SSCi J S ea ls * 

** S - SDBSTITUTIONS: " *** 

ry * ry irdf2:0] muxed 

Points re9 - } unless residual 

then ry£3] ma, 
in opaap) J ** < r *«idual defined 

ry - ry/dbin This ±m 

n a or C Sa n f i r t ^-} e |^titution 
y sel «ctio n (which 



rx - rz 
rx » ro2 

rx * car 
rx • vb 

rx » va 

rx - dt 
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23 Xij 1U Li i?^ r S:f dual substitutions 

*** at) with dbin or dob th 

^J"?' 100 ia bSSs oS 

?«S2 d ! a l ? ontr 1 « «in d in opmap 

rv ?«5 ?v and inhibi ** all action to 
5eoiS5iS e re8id »*"Y defined ry) . 
Ihl UE? n the direction to/from 

If tit i« db i n °f dob ls selected! 
dbii ?. trans£ ? r 18 t0 the ™*ls then 
Si2«if/? b8 5 ltuted wnil « « the 
sS^f"teI. frOID the " ilS dob ls 

Special case: ird - 0100 0 XX 0ss 000 xxx 

in;«'^^ 9 ' ne H x ' not, where if driven 



ry * rw2 



irc2[3:0] muxed onto rv£3 
use rw2 * 
movera ea,rl 0100 110 

2iT:^ 0100 118 

, a co £. 1111 xxx 

do not allow register to 

OiV.W 1000 

force ryI3] - 0 ** 

bill?* 0100 110 

bfield 1110 lxx 



*Y - rw2/dt 



01x xxx xxx 
001 xxx xxx 
xxx xxx xxx 
xxx xxx xxx 
be written to 
xll xxx xxx 

001 xxx xxx 
xll xxx xxx 



ry - vdtl 
ry « vat 2 
ry « dty 



C .«? itionally substitute rw2 or dt 
use rw2 and force ry[3]-0 

0100 110 000 xxx xxx 

**v.l 0100 UB 00! xxx xxx 

and irc2[l0] - l 

points 6 virtual data temporary 
points « virtual address temporary 2 
points e dt 



AO - ARITHMETIC UNIT OPERATIONS 1 
A5DEC 



1- ASXS 



add/sub add/sub based on residual control 
sub if ird - xxxx xxx xxx 100 xxx 

add/sub .dd/sub based on residual (use alu 
add/sub), do not extend db entry 

add if ird - 110! xxx xxx xxx xxx add 
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2- SUB 

3- DIV 

4- MIL 
f- SDB2X 

8- AODX8 

9- ADDX6 

10- ADD 

11- MOLT 



12- ADDXS 

13- ADDSE 

14- ADOZX 

15- ADDS 2 

CONSTANTS 
9,1 

1.2,3,4 



sub 
add/sub 



sub 

add 

add 

add 
add 



add 
add 

add 
add 



24 

or - mi xxx 0xx xxx xxx addq 
subtract AB from db 
do add if aut[31J « l 

-So the S,dd/JSbf tlD9 ln al0 *I 31 l tb.n 



-TtTsr - 06 16 -» 32 «*• ">.» 

add AB to DB 

« ?-£5 DB b * 2 th en add constant 
2S"t?a ,,d ° B bMad - «*« th.n 

iSd%r^ nd db »«««»9 1. , iu theo 



1 selected bys 

Cdiv * all^ro, ♦ (amlt . ^ . 

selected by si ze 
b yte » i 

word « 2 
3-by - 3 
long » 4 
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If (Rx«SP or RySP) and (Ry-Ry or Rx«Rx) and (Rx r Ry is 
a sourc and destination) and (au c nstant - 1,2,3,4) and 
(sir - byt ) then constant - 2 rather than one. 

ALO - ARITHMETIC AMD LOGIC UNIT OPERATIONS: 

col0 « x,nil 

coll » and 

col2 - alul,div,mult,or 

co!3 « alu2,sub 



row 




col 1 








1 


ADDROW 


and 


2 


ADDXROW 


and 


3 


SORROW 


and 


4 


SOBXROW 


and 


5 


DIVROH 


and 


6 


MULTROW 


and 


7 


AND ROW 


and 


8 


SORROW 


and 


9 


ORROW 


and 


10 


NOTROW 


and 


11 


CHGROW 


and 


12 


CLRROW 


and 


13 


SETROW 


and 



col 2 


col 3 


add 




addx 


add 


sub 




sobx 


addl 


div 


sub 


mult 


sub 


and 




eor 




or 


add 


not 




chg 




clr 




set 





cin 

add db + ab 0 

addx db + ab x 

addl db + ab i 

and ab * db 

chg ab xor k«-l 

clr ab * k»0 

eor ab xor db - 

not **ab v db 

or ab v db 

set ab v k»-l 

sub db + ab l 

subx db + ab x 

mult (db shifted by 2) add/sub (ab shifted by 0,1,2 
(if 0 then add/sub 0)) control for add/sub and 
shift amount comes from regb. Don't assert atrue 
for mult 

cin * 0 

div build part, quot and advance part, remain. 1 

ab (pr.l:pq) shifted by 1, add0, 
value shifted in « au carry (quot bit) 

cin * 0 
must assert atrue for div 
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c ndition codes *»f 6 ^ 
*>as d upon the datl il V*!** d during late T3 

IDITION cone n» n ... " 9b ' 



CC - CO^ma, CODE UPDATE CONTROL s 
row 

co1 1 col 2 



1 add 

2 addx 

3 sub 
* subx 

5 div 

6 null 

Z r ©tat 

8 rox 



cnzvc 
cnzvc 
cnzvc 
cnzvc 

Jcnzvg (div) 

knzv0 

knz0c 

CDZ0C 



col 3 



» bl *' bltfld S « v 

standard 

° ■ alut msb (by si,,, 

non-standard 
add c , 

v « 

addx.l c . 

Z a 
V ■ 

bcd2 c « 

bfldl I I 
z » 

*>fld2 z « 
bit 2 « 

div v « 

n » 



ddddd ddddd 

3? « <bca2> 

a <bc «» a <bc «> 



rotat 
rox.i 



rox. 3 



z 



V » 



c 
c 



cout 

■ vout 

■ cout 

» pswz * locz 

■ vout 

■ cout 

• cout v pswc 
» pswz - locz 

■ shiftend 

* all zero 

I ff w * m alizero 
8 alizero 
8 au carry out 

I c-pswx and cnzfle wvf teps as kn **c ihere 
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27 



sub.l 






I rows but 


e 


m 


"cout 




V 


m 


voot 


sub .2 


c 




~cout 




V 


m 


vout 


subx.l 


c 




~cout 




2 




pswz m locz 




V 


m 


vout 


subz*2 


c 




~cout 


subz.3 


c 




~cout v pswc 




z 




pswz - locz 



Iht SoSSi^LJ n 2J° Ur f e ?? **9nals which are used to set 
«ne condition codes is listed below: 

allzero - every bit in rega field . 0 where the 

* s de £ in ed as starting at the bit 

It h?S by , S J a 5 t and endln * (including) 

at the bit pointed to by end. 

(see shift control) 

allone . every bit in rega field - 1 where the 

field is defined as starting at the bit 

It lH J? 5 jr 4 S ! a 5 t an ? endiD9 (deluding) 
at the bit pointed to by end. 

(see shift control) 

shiftend « the bit in rega pointed to by end - l. 
(see shift control) 

locz « all alut for the applicable size - 0. 
SHFTO - SHIFTER OPERATIONS: 

nisi JW2i 1 { B ;rss. sifl,t by vaiue in 8hift 



ror 
sxtd 

xxtd 

zxtd 



±1 S?«i n rega defined by start and end registers 
iLt i ! n n f Xt ? nded to fil1 the undefined bits and 
JJ? a L Value is r °tated right by the value in the 
shift count register. The result is in reg£. 

IJ 1 !!!*! 0 r f 9a defi °ed by start and end registers 
is PSWX extended to fill the undefined bits and 
that value is rotated right by the value in the 
shift count register. The result is in regb. 

value in rega defined by start and end registers 
ih»? er °, eXt , nded to fil1 the undefined bits aSd 
J a L Val ° 18 rotated right by th value iS thf 
shift count r gist r. The r suit is in reiS. 
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ins the value in y «k * 

shift count reg!St« \ll*tt* le£t bv th value in 
"eld define!^ «£ * he V nser ' ed into 2. 
rega. Bits in reoa Infi * rt and end register in 
«d end are n^Saif BOt defin « d b "*^rt 
boffs provides the byte 

then the offset f.** 8 ®* ln re 9b. If irc2fiii-, 
rega shourrK^^^ined il *o and af 

»f ing the values Ut!Sf? B f!S f rcaa re 9* to regb 
shift count of 3.3? ! if® hed J a «tart, end, and 
then the offset il £ fespectively. if irc2fi?f. a 
field and «Wd oe fSUlS^ in tbe i*»eSif te 1 0 
probably more convent?* fron lr e2[l0:6) or 
however should bTshi ??«iV S ? U:0 * ' ™is value 
©sr [4:3] are loaded f£5 ed by 3 blt s such that 
*ero extension o!?v nt ° re 9 b Il8»J with rerS 
Provides the Sf|f e ? e „ ren,a ining bits. 

shouL^** is "ntii^d^fRo'fJ^ 2 ^^-! then 

?^"h^oli s :r?s t0 44 VSi? l| 8 ir% C ?i??^ EGB 
field and o^JJf K2*"g }■ *• Sagi? 
«»th zero extension of^e^J^ «JJ» *egbf4:8] 
SHIFTER 



Offs 



SHPTC - SHIFTER CONTROL : 



BIT 

bit 

avp 

swap 

calim 



{sbml} 
st ■ g 
en « -i 
sc » wr 

" BC[12:7] 
osr • x 

cnt « z 



(31) 

(16,32) 

(16,32) 



{sbm3} 

st « DB ISzBJ mod 82 
~ . DB l5 :gj "2 " 

wx. DB I5ff , 

cnt * x 

(sbn5) 
st ■ x 
en * x 

SC a x 

J*r - DB |7:2] 
osr « x 

cntrisg] . DB tl:*J 
{} 

St • x 

n » x 

SC » x 



(sbn2) 
st « wr 
en « wr 
sc » wr 
wt « wr 
osr * x 
cnt • x 

{sba4} 
st * 0 
en - -i 
sc « wr 
wr ■ wr 
osr * x 
cnt * x 



(sbm6) 
st » 16 
en * 3i 
sc - 16 
wr » wr 
osr « x 
cnt « x 



8 
1 
8 
8 



(31) 



- 1 
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MUL 

mulw 

nail 



divw 



wr • x 
osr - x 
ent ■ x 

{null} 
st - wr 

en ■ -1 mod sz 

se « wr 

wr « BC [12:7] 

osr « x 

cnt ■ x 

{mul3} 
st « 0 
en - -1 
sc ■ x 
wr « x 
osr ■ x 
cnt « x 

{} 

st • x 
en * x 
se » x 
wr m x 
osr ■ x 
cnt ■ x 



(15,.31) 
(14,30) 



(31) 



U 
st 
en 
sc 
wr 



x 

X 
X 
X 



osr ■ x 
cnt ■ x 

{divwl} 

st « 0 

en ■ 31 

sc » wr 

wr - BC[12t7J 

osr ■ x 

cnt » x 

(divw3) 
s t - wr 
en • -i 
sc * wr 
wr - BCtl2:7) 

sr » x 
cnt » x 

{divwS} 
st ■ 4 



(16) 
(16) 



(16) 
(31) 
(16) 
(16) 



{mul2} 
st ■ wr 
en ■ wr 
sc ■ wr 
wr * wr 
osr * x 
cnt ■ x 

{mul4} 
st - 0 
en ■ en 
sc * x 
wr * x 
osr ■ x 
cnt « x 

{mul6} 
st « 16 
en « 31 
sc « 16 
wr ■ x 
osr « x 
cnt « x 



- 2 

- 2 

- 2 



(divw2) 
st • 0 

en * -1 nod sz 

sc - 16 

wr • wr - 1 

osr ■ x 

cnt ■ x 

{divw4} 
st « 0 
en « 31 
sc « wr 
wr - x 

sr * x 
cnt « x 

(divw6} 
st - 16 



(15) 
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en ■ -l mod six 
sc - 28 
wr » x 
osr « « 
cnt - x 



(7) 



(31) 



divl 



tank 



{divw7} 
st - st 
en ■ 
sc « 0 
wr ■ x 
osr * x 
cnt « x 



{divli} 
st » wr - l 
en » -l 
sc ■ x 

wr - BC112:7] 
osr « x 
cnt - x 

{divl3} 
st - 0 
en « -l 
sc « 0 
wr ■ x 
osr « x 
cnt « x 

U 

St • X 

en » x 
sc * z 
wr « x 
osr « x 
cnt * x 

O 

st - X 
en • x 
sc ■ x 
wr • x 
osr « x 
cnt ■ x 

{) 

st » x 
en m x 
sc ■ x 
wr m x 
osr - x 
cnt - x 



(31) 
(31) 

(32) 



(31) 



n - 31 
sc • 16 
wr ■ x 
osr ■ x 
cnt - x 



{divl2} 

St ■ 0 

en * -i 
sc ■ 0 
wr « wr 
osr « x 
cnt « x 

{divl4> 
st « 0 
en - 31 
sc ■ 0 
wr ■ x 
osr « x 
cnt « x 

{divl6} 
st - 16 
en « 31 

SC m 16 

wr « x 
osr * x 
cnt « x 



(31) 



- 1 



O 

st - X 
en - x 
sc ■ X 
wr » x 
osr - x 
cnt ■ x 
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{) 

St • X 

en » x 
sc ■ x 
wr ■ x 
osr • x 
cnt - x 



U 

St - X 

en ■ x 
sc • x 
wr ■ x 
osr ■ x 
cnt « x 



{} 

st - x 
en » x 
sc - x 
wr ■ x 
osr » x 
cnt - x 



{unxfi} 
st - 16 
en » 31 
sc « 16 

wr m'% 

osr « x 
cnt - x 

O 

st ■ X 
en » x 
sc « x 
wr « x 
osr » x 
cnt » x. 

asl st * 0 tasl2} 

en * osr ♦ ~%it st « x 

sc « "wr + l en * Cwr-lJ nod sz 

wr « DB [5*0} or BCtl2:7] (Q) wr « wr 
osr - KES.fJ (8,16,32, £r -"osr 

* cnt « x 

st * 0 Usl4} 

en - osr - 1 f J " °f r * 

sc m x en « -1 mod sz 

wr « wr sc - x 

osr « x wr - wr 

cnt « x °" ' * 

cnt - x 

st - x {asl6 > 
en . x at . 16 

sc - J en " ?i 

wr - x sc « 16 

osr - x wr - x 

cnt -x °f f ■ * 

cnt ■ x 

{) 

st » x 
en ■ x 
sc » X 
wr ■ x 
osr ■ x 
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cnt * x 
fasrl) 

*sr st « wr Usr2) 

en « osr - l st ■ %nr - l 

sc * wr en " - l) . mt> d sz 

w * - DB [5:0] or Ben-.-. ' sc - x 

osr • BC[5:0] ii n III (Q) wr * * r 

cnt » x 

Usr3) 

st - osr - l O 

en ■ osr - i st « x 

sc a x en a x 

wr « wr sc ■ x 

osr • osr wr ■ x 

cnt » x osr * x 

o " " . 

st a x (asr6) 
en ■ x st a 

sc a x en a 3! 

WT a x SC a 15 

osr a X wr ■ x 

cnt * x osr ■ x 

St - X 

en - x 
sc - x 
wr - x 

• osr * x . 
cnt - x 

{rotll} 

*otl st « osr {rotl2} 

en • -i (3 st - x 

sc » osr ' en « -( wr . 1} m d 

wr - DB £5:0] or BCU2-71 in Sc * x 
osr « BCt5:0] tt i£ ill (Q) wr - Wr 
cnt • x CB, 16, .32) osr » osr 

cnt « x 

{rotl3} 

st . 0 {} 
en a 3i st a x 

sc a - (wr . 1} en - x 

wr a vr 2 SC a x 

osr a osr wr a x 

cnt a x osr « x 

cnt * x 

{} 

st a x {rotl6} 
en * x st a i 6 

sc a x en a 3i 

sc - 16 
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wr - x 
osr - x 
ent - x 

{} 

st - x 
en - x 
sc » x 
wr m x 
ost - X 
cnt ■ x 

{rotrl} 
xotr st « osr 

en - -1 (3i) 
sc ■ osr 

wr « DB 15:01 or BC[12:7) (Q) 
osr « BC[5:0] (8,16,32) 
cnt * x 

{rotr3} 
st - 0 
en - 31 

sc ■ wr mod sz 
wr ■ wr 
osr « osr 
cnt « x 

{} 

St * X 

en » x 
sc « x • 
wr » x 
osr ■ x 
cnt ■ x 

{} 

st « x 
en » x 
sc • x 
wr » x 
osr ■ x 
cnt - x 



wr » x 
osr « x 
cnt « x 



{rotr2} 

St * X 

en ■ (wr - 1) nod sz 

SC * X 

wr * wr 
osr « osr 
cnt * x 

{> 

st • X 
en ■ x 
sc « X 
wr * x 
osr ■ x 
cnt * x 

{rotr6} 
st « 16 
en * 31 
sc - 16 
wr ■ x 
osr ■ x 
cnt « x 



(roxll) 
roxl st • 0 

en « osr ♦ "wr (14) 
sc - -1 (3i) 
wr « BC[12:7] (l) 
osr « BC15:0] (16) 
cnt « x 

(roxl3) 

st - (" <vr-l) + i) mod sz 



{roxl2) 

St * 0 

en - (osr 
sc » 0 
wr « wr 
osr ■ osr 
cnt ■ x 

{roxl4} 
st « 0 



- wr) nod s 
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en ■ .1 Bod S2 



roxr 



(roxl5) 

« - C(wr-l) + 
en « -i mod 6Z 

sc * (~(wr-l) + 
wr • wr 
osr ■ osr 
cnt * x 

{roxl7} 

st « wr - i 

en • osr - i 

SC m 0 

wr - wr 
osr « osr 
cnt « x 



{roxrl} 
st « wr 
en « osr - i 
sc « wr 

* BCH2:7] 
osr - Bcrs:0j 
cnt ■ x 



1) nod sz 
1) mod bz 



en « sr ♦ - W r 
sc * "wr ♦ i 
wr « wr 
osr ■ osr 
cnt « x 



{rox!6} 
st - 16 
en - 31 
sc - lg 

■ wr - i 
osr « osr 
cnt « x 



- osr 



(1) 
(16) 



froxr3) 
st ■ g 

en ■ (wr-l) - i ' 

*o « (wr-l) + 24.16 a 

osr - BCfS-01 #« cii2:7) 
cnt « p ls *»J (8,16,32) 

(roxrS) 

St • 0 

en « (wr-l) - i 

£ ; ♦ 24,1«,» 

osr « osr 
cnt • x 

{roxr7} 
st « 0 

en « osr - wr 
sc * 0 
wr • wr 
osr m ost 
cnt . x 



(Q) 



{roxr2} 
st ■ 0 

ti : 0 (wr - 1} m »* « 

wr « wr 
osr ■ osr 
cnt m x 

{roxr 4} 

st » wr 

en « osr - i 
sc « wr 
wr m wr 
osr « osr 
cnt - x 

froxr6) 
st « 16 
en - 31 
sc - 16 

w » - 1 - osr 
osr * osr 
cnt « x 
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bfreg 



bfmt 



Cbfrgl) 

St • 0 

en - 31 

sc ■ osr + wr 

wr - DB[4:0] or IRC2[4:0J 

osr - REGB[4:0] or IRC2 [10:61 

cnt • x 

m 

{bfrg3} 

st * 0 

en - 31 

sc ■ osr + wr 

wr ■ wr 

osr ■ osr 

cnt » x 



{bfrgS} 
st « x 
en « x 
sc * x 
wr • wr 
osr - x 
cnt [l:0j 

(bfrg7) 
st - 0 
en * 31 
sc « 25 
wr - x 
osr « x 
cnt » x 

{bfmtl} 
st - 3 



DB [1:0] 



en 



-1 



(31) 



sc « 3 

wr « DB[4:0] or IRC2[4:0J 
osr « REGB[4:0] or IRC2[10:6] 
cnt « x 



{b£mt3} 
st - 0 

en ■ ll:-osr[2:0J 
sc - 0 
wr « wr 
osr. « osr 
cnt • x 



{bfrg2} 
st * 0 
en - wr - 1 
sc * 0 
wr « wr 
osr « osr 
cnt « x 

{) 

St ■ X 

en » x 

SC « X 

wr ■ x 
osr « x 
cnt » x 

(b£rg6) 
st « 16 
en - 31 
sc ■ 16 
wr ■ wr 
osr ■ osr 
cnt » x 



(bfmt 5} 
st - x 



{bfmt2} 
st ■ 00: 

"(osr (2:0]+(wr-l) ) 
en - (osr [2:0]+ (wr-1) ) 

[4:3] :*osr [2:0] 
sc * 0 
wr « wr 
osr - osr 
cnt » (osr [2:0]+ 

(wr-lj) [5:3] 

{bfmt4} 
st * 00: 

"(osr (2:03+(wr-l) ) 
en ■ -l mod sz (7) 
sc » 0 
wr ■ wr 
osr ■ x 
cnt ■ x 

(bfmt 6} 
st « 16 
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bfini 



en m x 

SC * X 

wr » x 
osr » x 
cnt » x 

{bfot7} 
fit « x 
en ■ x 
sc « x 
wr ■ x 
osr « x 
cnt « x 

{bfmil} 
st * 3 

en « -l 

sc * 3 



wr 



(31) 



DBI4:0] or IRC2f4r01 



Cbfmi3) 
st * 0 

en « U:"esrC2s0] 

sc - U:-(osrl2 5 0] + ( Wr - 1)) 

wr « wr 
osr « osr 
cnt - x 

{bfais} 

5 : hunt r2s " 3 *<— 

wr . ♦<«-!))) 
osr » x 

cnt CI if] « DB Ils0] 

{bfmi7} 
st • 0 
en • 31 
sc - 25 
wr » x 

sr » x 
cnt « x 



en - 31 
sc - 16 
wr ■ wr 
osr « osr 
cnt « x 



(bfmi2) 
st » 00: 

" (osr [2 : 0] + {wr-m 
*° " f (os * l2!0 J + (wr-l)) 

ft „ i4-*3J:-osr[2:0] 
sc » 00* 

"(osrl2:01+(wr-l)) 
wr » wr 

6] osr ■ osr 

cnt • (osr 12 8 0] + 

(vr-l>> C5:3J 

(bfmi4) 
st « 00. 

"(osr!2i 
en - mod 
sc «_00: 

"(osr[2xf]+( Wr - 1}) 
wr « wr 
osr « x 
cnt « x 

{bfmi6} 
st « 16 
en « 31 
sc « 16 

wr * wr 
osr * osr 
cnt « x 



:fJ+(wr-l}) 
sr (7) 
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{copl} 

cop 



{copl} 

St « X 

en « x 

SC m x 

wr « x 
osr « x 
cnt ■ x 


{cop2} 

St • X 

en ■ x 
sc » x 
wr » vr - 1 
osr • x 

f*n m «w> 

wtlw m X 


{cop3} 

St • X 

en « x 

SC - X 

wr « x 
osr « x 
cnt - x 


(cop4) 

St m X 

en « x 

SC m x 

wr • x 
osr • x 


(cops) 

St ■ X 

en * x 
sc ■ x 

wr » DB [7:2] 
osr - x 

cnt[l:0] ~ DB [1:0] 


<cop6) 
fit - 16 
en - 31 
sc - 16 
wr « x 
osr ■ x 
cnt « x 


{cop7} 

St « X 




en ■ x 




sc » X 





wr ■ x 
osr « x 
cnt « x 



*1* loaded based on irdJ5] - if ird[5] - 0 then wr 
value comes from BC bus else value is loaded 
from regc. 

FTO - FIELD TRANSLATION UNIT OPERATIONS: 

3- LDCR load the control register from regb. The 

f!?J 8 S? r J« ^ the value in 

aril*0J this can be gated onto the rx bus. 

4- DPSW load the psw with the value in regb. Either 

J?!- CC T*° r , tbe psw is lo » d *d depending upon 
potion! 8 - yte tben ° nly * oad th « « cr 

14- CLRPP clear the f-trace pending latch. (fpend2 

17- LDSH2 load th c ntents of the shifter control 
r gist rs from regb. These includ 
wr,osr,c unt. 
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15- LDSWB 

21- LDSWI 
23- LDSH1 . 

25- LDOPC 

26- LDPER 
28- LDARL 



29- 0PSWM 
33- rper 



Jhis i 8 eo^osel o*"Z * 9ister f *°» «gb. 
"er in fault si ? M ^iS n ^ " CCessad by the 

*Pe»d r fpendl, S^S?".?Jj t *S co »Posed of 
st,en,sc. 9 * T hese inelude 

load the ar lat^n 

share with ld.wi or iSsiJ 9 ** "** b€ 

able to 



clear the psw master bit. 



Et^T'SLS a^ £*• « *f* and onto 
use this function^ £SnFl2 t .y M w »ich 
requires the least si^?*? nd Bppr O- MOVEM 
lower word (16-bits i*? 1 ? 10 * 0 * bi * of the 

can be used to point at t J d so tha * it 
bits are one then the f«J r ?* ls *er. If no 
active which is touted ?! t^t 1 ^ould be 

Significant bit should li SUlU** 

For BPFPO i * < e 

bits would yield JSJ • Thus tfa e follo«*ir,« 
encoding. y eld the corresponding 9 



»ost sig bit set 
31 
16 
0 

NONE 



per out 
B 11111 
0 10000 

0 00000 

1 Hill 



onto be bus 
1110 0000 
J-J10 1111 

0000 0000 
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lliiV lt do s . not h «rt anything in the 
c «e to load the oth r latch (i. . 
BFPFO can load the AR latch) . 
For BPPFO it does not matter if a bit is 
cleared* 

34- STCR store the control register in regb. The 
re ?, Jf r ls 8el * c ted by the value in 
ar[i:0j, this can be gated onto the rx bus. 

37- STPSW store the psw or the ccr in regb based on 

Slfv'wff *i ze 7 byte tnen 8tore c « ©my 
with bits 8 - 15 as zeros. 

38- upend store the psw in regb then set the 

supervisor bit and clear the trace bit in 
the psw. Tpend and Ppend are cleared. The 
whole psw is stored in regb. 

39- lpsws store the psw in regb then set the 

SS e ««i 80 5K bi \ and clear both trace b ^s in 
the psw. The whole psw is stored in regb. 

40- stimst store ird decoded information onto the BC 

b SL a ?2 in i°w regb - Tnis data can b « latched 
f SI^S BC bus into other latches (i.e. wr 
i osr) by other control. 

41- STIKD store the ird in regb. 

43- STINL store the new interrupt level in pswi and 

regb. The three bits are loaded into the 
corresponding pswi bits. The same three 

£„S S r2f e ^?" 0a<a f a ° nto bc bus * 3 *U w ith be 
b £ S JJi;J 3 and 10 J ■ 1' wh *ch is loaded 

into regb. Clear IPEND the following Tl. 

44- STV# store the format ft vector number associated 

with the exception in regb. 

I X| X| FOrSat + "T"0rS|"" + ""vECTOrOT^r**""l 

iririririTirrrrrrrrrrr 

47- stcrc store St-S^^JSL^ 1 ^ *» 

48 5TSH2 r»tS: ^rr^T^^nciuoe 000 " 01 



cont"i COUnt * St ° re hi9h portion o£ «hlft 



50- STSWB 



store the internal bus register in 



r gb. 
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»s« in f.rtt JuJSSoJ. acce " ' tb 
fpendl, fpendj^ of 'Pend, ar latch, 

st r en, sc. ie 9°. These include 

store the micro p c ln regb . 

" 14 13 1 2 a irTTTTTTTTrv 

62- HONS 3 2 1 0 

63- STPER store the the a K 

Tl transfer) . ££?ab a " bos - Should be a 

PC - PC SECTION OPERATIONS: 

A0BPI1J 
0 1 



52- STSWI 
54- STSH1 
56- STOPC 



0- up 

aobpt>db>sas 
tp2>ab>sas 

1- tpf 

aobpt>db>tpl 

">Sip db>aup>aob P*' a ^Pt 

tpl>tp2 
tp2>ab>sas 

2- PCR 

tp2>ab>a-sect 

iolpgS; 8 J hen conn *ct PC and address section) 

3- PCRP 

aobpt>db>tpl 

a 2>S5p db>aUp>aob P*^»bp t 

tpl>tp2 

tp2>ab>a-sect 
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(if ry-pc then conn ct pc and address section) 

4- JMP1 

tp2>db>a-sect 
a-sect>ab>aobpt 

5- BOB 

aobpt>db>tpl 

tpl>tp2 

tp2>ab>sas 

- EV3FI 

aobpt>db>tpl* 

aobpt>db>aup>aobpt 
♦4>aup 

tp2>ab>sas 

- OD3FI 

Jobpt>db>aup>aobpt , tp2 

tp2>ab>sas 

7- TRAP 

tp2>db>a-sect 
pc>ab>sas 

8- TRAP 2 

tp2>ab>a-sect 
aobpt>db>sas 

9- JMP2 

a-sect>ab>aobpt 
aobpt>db>sas 

10- PCODT 

pc>ab>a-seet 
aobpt>db>sas 

11- NPC Conditional update based on cc-t/f 

tp2>db>aup,a-sect ' 
a-sect>ab>aup>aobpt 

12- LDTP2 

a-sect>ab>tp2 
aobpt>db>sas 

13- SAVE1 

pad>aobp 

aobpt>db>sas 

tp2>ab>sas 

15- SAVE2 

aobp>db>tpl 
tp2>ab>sas 
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14- FIX 

«obpt><Sb>tpl 

tp2>ab>aobpt 
tpl>t P 2 • 

16- LDPC 

tp2>p c 

•obpt>db>sas 
tp2>ab>sas 

PIPE - p IPE OPERATIONS: 

Description of bit m . n<4{ 

(6J - use ire encodln 9*. 
IS] • change of fi ow 

13*01 ?£2 J nst ««ion 

AOBPI1J 

SS | as* | k | 

- EV3Pa 

cbrl>irb 

change of flow 
fetch instr 

- EV3Pb 

chrl>irb 

use pipe * implies use ire 

fetch instr 

- OD3P 

chrl>pb>irc 

~ wdlMS of Mheth " ™ - — 

0 ■ • » - MOD 

X 

1 9 0 0 . opipE 

use pipe 

0 0 11- FIX2 

Always transfer irb « p plpe 
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chr>irb 



irh>iS?<»K * to lrc ' im an d if irb needs 

irb>pb>imh,iml,irc to be replac d, do acc ss 

i *«,.«^ «4 ^,* nd transfer chr to irb. 

Ihfnff 5f re 9 ardl ««s of whether odd or even 
cnange of flow* 

fetch instr 



change of flow 



fetch Instr 

0 0 0 2 - I rao • 
ira>db 

8 8 8 4" IRTOD 
ir>ird 

0. 0 1 5 - FIX1 
chr>irb 



if ire needs to be replaced, 
do aceess and transfer chr 

fetch instr 



1 0 0 6 - 2TOC 
irc2>irc 
iroir 
use pipe 

0 0 0 8 - CLRA 

clear irc2I14] 
ira>ab 

0 0 0 9 - STIRA 
db»ira 
ira>pb>irc2 

0 0 0 11 - ATOC 
db»ira 
ira>pb>irc 

0 0 1 13 - BUD 

chr>irb 
irb>pb>imh,iml 
fetch instr 

1 0 0 14 - CTOD 

irc>ir,ird 
irb>irc 
use pipe 

1 0 1 15 - TUD 



zxtd 8 -> 32 
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chr>irb 

irb>pb> lnh , lBl>ire 

use pipe 
fetch instr 



1 1 IS • TOAD 
chr>irb 
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APPENDIX IX 
MICROINSTRUCTION LISTING 



PAPA CAS 

CAS 2 DWlsDW2,D01fD02, (RZ1) : (RZ2) 
Al 



|FG1| 
I 



CASPI 
♦ — -+. 
X| INST | 



I 



367 | 



I 



DTJ RYj 



— -♦■ +_«.___ 



"STORE 1ST POINTERS" 
IM>OB>OT 

"LATCH RMC ADDRESS INTO A4' 
% AT>DB>SAA 
% AUT>AB>SA 



— + + — - — +. 

|FHI| CASP2 I 654 I 

+ — +-+ — -+ — + +-+ 



x 

NIL 
X 
X 
X 

NF 
OPIPE 



1/26 



| IRSZ|DATA| R22| RW2| <> Tl RMC 



"READ 1ST DEST" 

RZ2A>DB>>AOB 

RZ2A>DB>AUT 

"STORE 1ST COMPARE VALUE" 

RW2D>AB»RE6B 

"2ND POINTER TO IRC2" 

IN>DB»IRA 

"FORCE SYNC" 

RW2D > AB> > DOB 

% AUT>AB>SAA 



I 



X 
NIL 
X 
X 
X 

NONE 
NF 
USTIR 

2/17 



| FI1| CASP3 J 368 I 
+ +-+ + + +-+. 



IRSZ|INST| RZ2| RY | <> 





Tl RMC | 



"READ 2ND DEST" 
RZ2A>AB»AOB 
"DO 1ST COMPARE" 
DBI N>DB> ALU> ALUT 
REGB>AB>ALU 
"STORE 1ST DEST" 
DBIN>DB>AT 
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|_IRS2JIHST| RX, '^2|": + j 

"£0 2ND COMPARE"*" + + + 

DBI N>DS> ALU> ALDT 
RW2D>AB>ALO 
"STORE 2ND DEST" 
pBIH>OB»REGA 
% AT>DB>SAA 
% A0T>AB>6AA 



X 

COL2 
CC2 
X 
X 

STPSW 
MP 
NUD 



1/10 



1ST COMPARE FAILS 



_LOCZ -> CASP9 
LOCZ -> CASP5 



(FL2) 
(FL1) 




RMC MODE* 
% AOT>AB>SA 



X 
MIL 
X 
X 
X 

LDPStt 
NF 
NUD 




DEST VALUE' 
RE6A>AB>ALU>RH2D 
— 1>ALU 

RW2D>DB>FOOLIT 
% AT>DB>SAA 
% AUT>AB>SAA 



X 

AND 
X 
X 
X 

NONE 
TPF 
TDD 

1/08 



sdccio: <wo eaoo«4*ij_> 



WO 86/00434 



PCT/US85/00670 



47 



|FN1| CASP7 | 36a I 

+ +-+ + __ + + m 

! *]™fjj_ DTJ RYj 

•INSTALL 1ST POINTER" *~ 
OT>DB»IRA 

"MOVE 1ST OEST. VALUE" 
AT>AB»REGA 
% AOT>DB>SAA 



.+ + 



| F01I CASP8 
+ +.+ + . 

| IRSZJINSTJ 
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Claims 



1. in a data processor, a method for changing a value at a 
first location and a value at a second location, the method 
comprising the steps of: 

providing as a first compare value the value at the 

first location; 
providing as a second compare value the value at the 

second location; 
providing a selected first swap value; 
providing a selected second swap value; and then 
performing in an uninterruptable sequence the steps of: 
comparing the first compare value to the value at 

the first location; 
comparing the second compare value to the value at 

the second location; and 
if both of the first and second compare values are 
the same as the respective values at the 
first and second location; 
storing the first swap value at the. first 

location; and 
storing the second swap value at the second 
location, 

2. In a data processor, a method for changing the contents 
of a linked list which requires changing contents at two 
pointer locations in order to effect a change in said list, 
the method comprising the steps of: 

providing as a first compare value the value at a first 

pointer location; 
providing as a second compare value the value at a 

s cond pointer location; 
providing a selected first swap value; 
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executing the instruction, wh r in the instruction 
writes the first swap value into the pointer 
location and writes the second swap value 
into the access counter if, after the 
instruction commences, the value present at 
the pointer location is the same as the. first 
compare value and the value present at the 
access counter is the same as the second 
compare value. 

4. In a data processor, means for changing the contents of 
a linked list which requires changing contents of first and 
second pointer locations, comprising: 

means for providing as a first compare value the value 

at said first pointer location; 
means for providing as a second compare value the value 

at said second pointer location; 
means for providing a first swap value; 
means for providing a second swap value; and 
means for performing in an uninterruptable sequence the 

steps of: 

comparing the first compare value to .the value at 
said first pointer location; 

comparing the second compare value to the value at 
said second pointer location; and 

if both of the first and second compare values are 
the same as the respective values at the 
first and second pointer location then: 
storing the first swap value as the value at 

first pointer location; and 
storing the second swap value as the value at 
the second pointer location. 

5. in a data processor having a linked list which has an 
acc ss counter associated therewith wherein contents at a 
pointer location and at the access counter are 
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changed in order to effect a chang* in the list, means for 
effecting a change in the list, comprising: 

means for preparing for the excution of an instruction 

to be performed by the data processor in which 

said means for preparing: 

stores a first compare value, said first compare 
value read at said pointer location which 
must be altered to effect said change in the 
list; 

stores a second compare value, said second compare 

value read at the access counter; 
stores a first swap value, said swap value to be 

swapped for the value present at said pointer 
location in order to effect said change in 
the list; and 
stores a second swap value, said second swap value 
to be inserted into the access counter to be 
incremented; and 
means for executing the instruction, wherein the 
instruction writes the first swap value into 
pointer location and writes the second swap value 
to the access counter if, after the instruction 
commences, the value present at the first pointer 
location is the same as the first compare value 
. and the value present at the access counter is the 
same as the second compare value 
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means for performing in an uninterruptable sequence the 
steps of: 

comparing the first compare value to the value at 
said first location; 

comparing the second compare value to the value at 
said second location; and 

if both of the first and second compare values are 
the same as the respective values at the 
first and second locations then: 
storing the first swap value as the value at 
the first location; and 

storing the second swap value as the value' at 
the second location. 
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